Introduction
The development of a device for the measurement of the dimensions and the charge distribution of the ISR proton beam has been completed. The sensitivity of the device had to be such as to permit operation during the setting up of the ISR (few mA) and not to saturate at the highest design current (20 A). It should operate continuously and should neither degrade the ultrahigh vacuum of the ISR nor perturb the beam.
The problem was solved by using the ionization electrons coming from a collimated, (almost two dimensional) gas jet crossing the ISR vacuum chamber as the signal source for the proton beam dimensions and charge distribution. The plane of the gas jet injected into the vacuum chamber of the ISR is at 45 to the vertical and to the beam and the electrons produced in the gas are extracted vertically and are accelerated on to a fluorescent screen where they produce a 1:1 image of the crosssection of the beam. One can compare the gas jet (curtain) to a mirror held by an observer situated above the beam pipe and who wants to look along the beam (figure 1). ELUCTRON4S promises, the limitations being of a physical, technological or commercial nature.
Gas curtain generator :
The minimum observable current in the ISR, the geometrical definition, the value of the extraction voltage, the phosphor efficiency and the sensitivity of the television camera define the size, the density and the divergence necessary for the gas curtain. Our need was a 0.7 x 64 mm2 gas jet with 0.7 mrad maximum divergence and a minimum density equivalent to a pressure of 10-7 torr. In view of a possible time definition higher than that of a television camera working with 625 lines/ 50 half frames per second, we set our aim at 10-4 torr.
Such high jet intensities can only be achieved by means of a supersonic flow, where some of the random thermal motion of the gas atoms is converted into an ordered motion. This process takes place when there are enough collisions between the atoms of the gas during the outflow from a pressurized vessel. However, the effect of the ordered motion is lost when this "jet" encounters too many particles on its passage from the source to the point of utilisation. Therefore a very powerful pumping system is needed if one wants to produce a dense molecular beam of large dimensions.
In fact, the only way to pump such high gas flow rates is to condense the gas. Consequently sodium vapour was chosen as an "easily" condensable gas which satisfies another imposed boundary condition, namely that the vapour pressure of the condensed gas at room temperature is lower than the 10-9 torr which was initially the design pressure for the ISR.
The gas curtain generator was constructed to have the following characteristic numbers : Knudsen number of the source vapour 0.01, slit length 64 mm.' This implies a gas flow of one g/s to be generated by a heating power of 4.2 kW. Therefore the heating and condensation facilities were designed for a power of The monitor consists of three main parts: the gas curtain generator, the electron extraction chamber and the television camera with associated electronics for the signal treatment. The experiment has shown that it is possible to obtain film condensation on copper plates which are either silver or gold plated. We think the reason for this film condensation depends on the fact that the oxides of gold and silver are already decomposed at the bakeout temperature and that the sodium vapour arrives on the clean metallic surface where it is bound by the noble metal. Furthermore, the sticking coefficient was determined as a function of the ratio of the flux of sodium to the flux of residual (predominantly H2) gas molecules.
The measurements have shown that the sticking coefficient decreases with a decreasing Na/H2 flux ratio. We see the reason for this behaviour in that at a low flux ratio the substrate surface is covered by physically adsorbed hydrogen, which impedes the full accommodation of the arriving sodium atoms. The measurements did not show any dependence on the substrate temperature. We conclude, therefore, that sodium condenses on clean metallic surfaces and on clean sodium covered surfaces with a sticking probability of unity.
As a consequence of the above measurements, the condensation surfaces were kept just sufficiently big for the desired pumping speed and the partial pressure of the non-condensable gases had to be kept low. Therefore a good pumping speed system has been installed consisting of an ion pump with a pumping speed of 400 Q/s and a turbomolecular roughing pump. The residual gas pressure has thus been maintained below 10-9 torr. This has been measured by an ionization gauge and the residual gas composition was checked by a mass spectrometer. The partial sodium vapour pressure in the vessel was measured by two gauges, which were permanently heated to 200 C in order to impede the condensation of sodium vapour on them. As can be seen from figure 2, most of the sodium vapour is condensed on a thick copper disc (4), cooled by an oil circuit. In the middle of this disc is an opening which is just big enough so that the biggest sodium droplets cannot clog it. The rest of the vapour condenses on the cooled plates (10) surrounding the beam. Since the power dissipation per unit of surface is high, the cooling circuit, consisting of a single copper tube (9) The sodium transfer and filling system is shown schematically in figure 3 . The sodium which is condensed in the vessel (2) by a small electromagnetic pump (4) yielding a pressure of several hundred torr and a flow rate of several grams per second. One of the main impurities of the sodium circuit is sodium oxide. The solubility of sodium oxide in sodium decreases with decreasing temperature so that a danger exists in that it precipitates in the cooler places where it can clog the tubing (e.g. the sodium pump). Therefore, the sodium is continuously cleaned by a filter of sintered stainless steel (5) having a pore diameter of 5 microns. The filter is maintained at the temperature of 1300C, which favours the precipitation of sodium oxide. Sodium is filled into the boiler by forcing it up from the reservoir (10) by means of 100 torr pressure of pure argon. The sodium level in the reservoir is determined by the electric resistance measurement of a stainless steel wire plunged into the sodium.
The maximum intensity of the sodium beam delivered by the described generator is about 1020 atoms/sr.s (equivalent to 10-5 torr pressure, was measured by a Langmuir-Taylor platinum ribbon detector and has a performance better than that of any generator reported to date. Though inferior by a factor of 10 to our expectations, it is quite sufficient at the moment. With the TV observation the usual working pressure is 10-7 torr.
Observation chamber
The high voltage electrodes serving to extract electrons formed by ionization of the sodium curtain, are contained in a vacuum box inserted into the ISR ring (figure 4). The electrodes (1) The electrons which are ejected by the proton beam from the sodium atoms have a certain initial velocity, and would normally follow a parabolic path and would not be collected at the same spot as for electrons with zero initial velocity. A magnetic field of 300 gauss parallel to the electric field is created by a couple of coils (4) and contains electrons of up to 20 eV within a 0.5 mm radius around the ideal projection point. There are less than 10% electrons having energies higher than 20 eV. The effect of this magnetic field on the ISR is compensated by a small magnet on each side of the observation chamber.
The sodium curtain generator is attached to the observation chamber and is perpendicular to the ISR beam pipe axis. The sodium jet, after having crossed the observation chamber, enters the condensation chamber whose walls are cooled to -400C. This chamber contains the Langmuir-Taylor platinum ribbon detector which measures the sodium jet density. In order to protect the ISR vacuum chamber from eventual Na migration, cold traps were fitted in the ISR at each side of the beam profile monitor. Analysis of the rest gas composition rad/year at the beam pipe level).
The light collection is ensured by a telephoto lens (f = 135 mm, 1/F number = 1.5). After a few months of operation, the glass of the lens becomes brownish due to radiation. It is possible to remove this coloration almost completely by exposing the lens elements to ultraviolet radiation for about a week. We have had a lens operating in this way for more than 4 years before it became unusuable. position can be indicated on the monitor when connected for the observation of the horizontal, i.e. radial beam profile. The oscillogramme one obtains is shown on figure 7. as seen on the TV monitor Figure 5 shows the picture of a stacked beam as seen on the television monitor. On 
